Performance is heterogeneous at isoeccentric locations, it is better on the horizontal than the vertical meridian and is worse at the upper than the lower region of the vertical meridian (Carrasco, Talgar, & Cameron, 2001; Talgar & Carrasco, 2002) . It is unknown whether these performance inhomogeneities are also present in spatial frequency tasks and whether asymmetries present during encoding of visual information also emerge in VSTM tasks. Here, we investigated the similarity for the perceptual and the VSTM tasks in spatial frequency discrimination (Experiments 1 and 2) and perceived spatial frequency (Experiments 3 and 4).
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Introduction
Human visual performance varies across the visual field. Performance decreases with eccentricity in a variety of tasks (Berkley, Kitterle, & Watkins, 1975; Gurnsey, Pearson, & Day, 1996; Hess & Dakin, 1997) and varies even at isoeccentric locations causing a horizontalvertical anisotropy (HVA) and a vertical meridian asymmetry (VMA). Letter recognition as well as orientation discrimination, detection and localization tasks are better on the horizontal than on the vertical meridian reflecting HVA. The HVA emerges regardless of stimulus orientation; it is present when Gabor stimuli are close to vertical or horizontal, i.e., parallel or orthogonal to the meridians (Cameron, Tai, & Carrasco, 2002; Carrasco et al., 2001; Mackeben, 1999; Rovamo & Virsu, 1979; Rovamo, Virsu, Laurinen, & Hyvarinen, 1982) . Contrast sensitivity for all spatial frequencies also decreases more rapidly in the vertical than in the horizontal direction (Rijsdijk, Kroon, & van der Wildt, 1980) . In addition, performance is superior in the lower than upper visual field (Edgar & Smith, 1990; He, Cavanagh, & Intriligator, 1996; Levine & McAnany, 2005; McAnany & Levine, 2007; Rubin, Nakayama, & Shapley, 1996) . Specifically, it is better on the lower than the upper region of the vertical meridian revealing VMA in a variety of tasks, such as orientation discrimination, texture segmentation and Landolt-square acuity tasks ( Cameron et al., 2002; Giordano, & McElree, 2004; Carrasco et al., 2001; Carrasco, Williams, & Yeshurun, 2002; Fuller, Rodriguez, & Carrasco, 2008; Liu, Fuller, & Carrasco, 2006; Talgar & Carrasco, 2002) .
The aims of this study are twofold: 1) To investigate whether these performance inhomogeneities also emerge in spatial frequency discrimination. Performance in many spatial resolution tasks is assessed by spatial frequency discrimination. The findings that HVA and VMA (1) emerge in a Landolt-square A224RA acuity task ) and a texture segmentation task mediated (Talgar & Carrasco, 2002) by spatial resolution, and (2) increase with spatial frequency in orientation discrimination tasks (Cameron et al., 2002; Carrasco et al., 2001; Liu, Heeger, & Carrasco, 2006) , motivated us to seek for such inhomogenities in a task that directly measures spatial frequency discrimination.
2) To investigate whether asymmetries present during encoding of visual information also emerge in visual short-term memory (VSTM) tasks. The role of VSTM is to maintain the representation of a visual stimulus over time even after it is no longer present. It is generally accepted that when an observer is asked to compare two sequentially presented stimuli, four different stages are involved: (1) encoding of the visual features of the first stimulus; (2) maintaining the representation of the stimulus during the delay; (3) encoding the second stimulus; (4) comparing the two representations (Regan, 1985) . Performance in a VSTM task relies on these stages and specifically on the encoding stage. Studies using this type of delayeddiscrimination tasks have shown that some perceptual attributes of a visual stimulus -such as spatial frequency, orientation and speed of motion -can be stored for several seconds with little loss of precision if encoded properly (Magnussen, 2000; Magnussen & Greenlee, 1992; Magnussen, Greenlee, Asplund, & Dyrnes, 1991; Magnussen, Greenlee, & Thomas, 1996; Magnussen, Idas, & Myhre, 1998; Vogels & Orban, 1986) . However, memory of some other attributes such as spatial offsets (vernier stimuli), contrast and direction of motion seem to be retained less robustly (Bisley & Pasternak, 2000; Fahle & Harris, 1992; Lee & Harris, 1996; Nilsson & Nelson, 1981; Pasternak & Greenlee, 2005; Vogels & Orban, 1986) .
Visual information cannot be retrieved from short-term memory properly if it is not encoded or stored accurately. For instance, in a delayed discrimination task, the presence of a mask during the delay period interferes with the task performance (Lalonde & Chaudhuri, 2002; A224RA Pasternak & Greenlee, 2005; Pasternak & Zaksas, 2003) . This phenomenon, known as "memory masking" (Magnussen et al., 1991) , occurs if the mask shares a similar property with the remembered stimulus but is distinctly different. The selective interference of the mask illustrates that information of the visual attributes, such as spatial frequency, is preserved in memory by mechanisms that are closely related with those involved in encoding (Pasternak & Greenlee, 2005) . Therefore, if masking deteriorates performance in VSTM tasks, any other factor that also affects representation of information could influence performance in VSTM tasks.
In the first part of this study, we investigated whether performance varies as a function of stimulus location in: (a) a simultaneous spatial frequency discrimination task and (b) a delayed spatial frequency discrimination task (VSTM). In particular, we explored whether each of these tasks yields HVA and VMA. In the second part of this study, we examined whether perceived spatial frequency, assessed by the Point of Subjective Equality (PSE), changes as a function of stimulus location in: (a) a simultaneous spatial frequency discrimination task and (b) a delayed spatial frequency discrimination task. We hypothesized that if simultaneous spatial frequency discrimination and perceived spatial frequency vary across cardinal locations, then these differences would affect performance in the corresponding delayed tasks, resulting in heterogeneous performance and perceived spatial frequency across cardinal locations.
Alternatively, the performance and perceived differences in the simultaneous tasks could become either more pronounced or attenuated in the delayed tasks.
EXPERIMENTS Experiments 1 & 2 -Spatial frequency discrimination in simultaneous and delayed (VSTM) tasks
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In Experiment 1, we investigated whether simultaneous spatial frequency discrimination varies as a function of stimulus location, resulting in performance inhomogeneities at isoeccentric locations). In Experiment 2, we examined whether such inhomogenities would also emerge on a VTSM task. To do so, we measured performance in a 2-interval force choice (2IFC) delayed spatial frequency discrimination task.
Experiment 1 -Spatial frequency discrimination in a simultaneous task
Method
Participants
Seven observers, 25-30 year-old graduate students with normal or corrected-to-normal vision, participated voluntarily in the experiment. All observers were psychophysically trained but naïve with respect to the purpose of the experiment. The experimental protocol was approved by the New York University committee on activities involving human subjects.
Apparatus
Stimuli for the experiment were generated using Matlab and Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) with an Apple G4 Power Macintosh computer and were displayed on a gamma-corrected CTX PR 1400 21-in. monitor (1024 x 768 pixels; 75 Hz). A video attenuator drove only the green gun, to increase the possible set of distinct luminance levels (12.6 bits). The observers were placed in a dark room, were instructed to fixate and viewed the stimuli binocularly from a distance of 57 cm while a chin and forehead rest maintained head position.
Stimuli
The stimulus sequence consisted of a fixation display and a Gabor display. The fixation A224RA display contained a black fixation circle with the diameter of 0.2° at the center of a green background (17.5 cd/m 2 ) and two placeholder frames determining the places at which the two stimuli would be presented. The Gabor display contained the fixation circle and two 100%-contrast, vertical Gabor patches (sinusoidal gratings enveloped in a Gaussian window with standard deviation of 0.3°) at 6° eccentricity. The two Gabors, the Standard and Test, appeared simultaneously at any two of 4 possible locations: East (E), West (W), North (N), and South (S).
Two placeholder frames determined the places at which the two Gabors were presented. On each trial, the Standard had a spatial frequency of 6 cycles/deg, and the Test had a spatial frequency on average ± 0.5 cycles/deg from the Standard (±0.4-0.6, adjusted for each observer to set discrimination accuracy to a constant level). The location of the Standard and Test Gabors and the spatial frequency of the Test Gabor were chosen randomly on each trial.
Procedure
Each observer completed 50 practice trials and 350 experimental trials. Each trial consisted of a 200-ms fixation display followed by 100-ms stimulus presentation, so that eye movements were precluded while the display was on (Deubel & Schneider, 1996; Hoffman & Subramaniam, 1995; Mayfrank, 1987) . Observers performed a 2-alternative forced choice (2AFC) task. They were asked to report which location (North, East, South or West) contained the Gabor with the higher spatial frequency by pressing one of the four keys corresponding to "W", "N", "E" and "S" locations. The key locations matched the location of the stimulus on the screen. Observers had 2 s to respond and they received auditory feedback for incorrect responses ( Figure 1A ).
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Results
Accuracy (proportion correct) of the spatial frequency discrimination task varied as a function of location; it was superior along the horizontal than the vertical meridian, revealing a HVA (Figure 2A) . A repeated measure ANOVA revealed a significant main effect of location (F (3,18) = 4.17, p < 0.05). Performance was significantly better when the test and the standard stimuli were presented along the horizontal meridian (East & West) than along the vertical meridian (North & South) (t-test, t (6) = 3.45, p = 0.01) or when either stimulus appeared at the North (t-test, t (6) = 2.62, p < 0.05) or at the South location (t-test, t (6) = 3.92, p < 0.01). (All ttests are two-tailed).
Experiment 2 -Spatial frequency discrimination in a delayed (VSTM) tasks
Method
Participants
Eight observers, 25-30 year-old graduate students, with normal or corrected-to-normal vision, participated voluntarily in the experiment. Five of them also participated in Experiment 1.
All were naïve with respect to the purpose of the present experiment.
Apparatus and Stimuli
The apparatus and the stimuli were the same as those in Experiment 1.The stimulus sequence consisted of: (1) a fixation display which contained a black fixation circle with the diameter of 0.2° at the center of a green background (17.5 cd/m 2 ) and a placeholder frame at which the stimulus was to be presented; (2) the first stimulus display (first interval); (3) an interstimulus interval (ISI, 1 or 3 s); (4) the second fixation display which consisted of the fixation circle and the placeholder frame; and (5) the second stimulus display (second interval). Each A224RA stimulus display contained a 100% contrast vertical Gabor patch. The stimuli in both intervals were centered at 6° eccentricity and both appeared at the same location of the screen -W, E, N or S-for 100 ms ( Figure 1B ). The Standard Gabor had a spatial frequency of 7 cycles/deg and the Test had a spatial frequency on average ±0.5 cycles/deg from the Standard (±0.4-0.6, adjusted for each observer to set discrimination accuracy to a constant level). The interval and location of the Test and Standard Gabors, the spatial frequency of the test Gabor, and the ISI duration were chosen randomly on each trial.
Procedure
Observers completed 50 practice trials and 750 experimental trials. Each trial consisted of two intervals separated by an ISI (delay) that lasted either 1 s or 3 s. Observers performed a 2-interval forced choice (2IFC) task and reported which interval (first or second) contained the Gabor with the higher spatial frequency by pressing one of the two keys, "1" or "2". Observers had 2 s to respond and they received auditory feedback for incorrect responses.
Results
Accuracy (proportion correct) in the delayed spatial frequency discrimination task varied as a function of location and delay ( Figure 2B ). Performance did not differ with regard to the order of the Standard and Test. A repeated measure ANOVA revealed significant main effects of delay (F (1,7) = 45.21, p < 0.001), with overall performance higher for the 1-s than 3-s delay, and of location (F (3,21) = 6.26, p < 0.005), but no significant 2-way interaction (F <1). To explore the effect of location, a post-hoc paired t-test showed a lower correct proportion when both the Test and the Standard were shown at North than when they were shown at East (t (7) = 3.14, p < 0.05 and 4.12, p < 0.005), West (t (7) = 4.42, p < 0.005 and 4.11, p < 0.005),
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or South (t (7) = 7.13, p < 0.001 and 2.24, p = 0.06) for the 1-s and 3-s delays, respectively.
Taken together these results showed that performance in VSTM task also suffered across the vertical meridian, specifically at the North location, and suggest that performance differences in the spatial frequency discrimination tasks (Experiment 1) carried over to this VSTM delayed spatial frequency task.
Experiments 3 & 4 -Perceived spatial frequency in simultaneous and delayed (VSTM) tasks
The finding that performance in spatial frequency discrimination is better along the horizontal than vertical meridian (Experiment 1) could be related to stimulus appearance. For example, it is possible that the apparent spatial frequency of a stimulus differs across the meridians and that this difference affects task performance. It has been established that both perceived contrast (Fuller et al., 2008) and performance on tasks that assess contrast sensitivity (Cameron et al., 2002; Carrasco et al., 2001 ) differ across meridians. In Experiment 3, we tested the hypothesis that perceived spatial frequency could also vary across meridians, by keeping the location of the Standard fixed (at the center of the screen) and varying the location of the Test (North, East, West or South).
Furthermore, in Experiment 4, we investigated whether a spatial frequency discrimination difference is present in a VSTM task, by using a delayed spatial frequency discrimination task.
Given that the PSEs are similar over time in delayed contrast discrimination tasks (Lee & Harris, 1996; Sakai, 2003) , we predicted that is there were differences in perceived spatial frequency across the meridians, they would transfer over time and a similar pattern of PSEs would be attained in the VSTM task.
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Experiment 3 -Perceived spatial frequency in a simultaneous task
Method Participants
Five observers, 25-30 year-old graduate students, with normal or corrected-to-normal vision participated voluntarily in the experiment. Three of these observers had participated in both Experiments 1 and 2 and one observer had participated in Experiment 1. All observers were psychophysically trained but naïve with respect to the purpose of the experiment.
Apparatus
The stimuli for the experiment were generated using MGL programming software (http://justingardner.net/mgl) with an Apple G5 Power Macintosh computer and were displayed on a gamma-corrected, Hewlett-Packard P1230 21-in. CRT monitor (1152 x 870 pixels; 75 Hz).
The stimuli were two Gabor patches (the same as in Experiments 1 and 2). The display contained five placeholder frames present throughout the trial. The Standard Gabor was presented at the center and the Test was presented on the W, E, N or S ( Figure 3A) . The Standard spatial frequency was either 6.5 or 7 cycles/deg and the Test spatial frequency values were 5.5, 6, 6.5,7, 7.5 or 6, 6.5,7, 7.5, 8 cycles/deg respectively. The location of the Test Gabor and the spatial frequency of the Test and Standard Gabor were chosen randomly on each trial.
Procedure
Each observer completed 50 practice trials and 1000 experimental trials. Each trial consisted of a stimulus-presentation display during which the Test and the Standard appeared for 200-ms ( Figure 3A) . The timing of the stimulus-presentation precluded goal-directed eye movements (Deubel & Schneider, 1996; Hoffman & Subramaniam, 1995; Mayfrank, 1987) .
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Observers performed a 2-AFC task reporting which Gabor (Standard or Test) had a higher spatial frequency by pressing one of the two keys: "1" (central) or "2" (peripheral). They had 2 s to respond and they received auditory feedback for incorrect responses.
Results
Perceived spatial frequency varied as a function of location. Figure 4A shows the four group-averaged psychometric functions averaged across the two Standard stimuli. The functions show the proportion of trials on which the observers chose the Test Gabor as the stimulus with higher spatial frequency. Each psychometric function was fitted with a Logistic function. Fits were attained using maximum likelihood estimation and goodness of fit was evaluated using deviance scores calculated as the log-likelihood ratio between the fully saturated, zero residual model and the data model. (Wichmann & Hill, 2001a , 2001b (http://bootstrapsoftware.org/psignifit). All scores (except for one out of twenty fits) were below the critical chisquare value (X 2 (5) < 11.07), indicating good fits. The stimulus appeared to have lower spatial frequency when it was located along the vertical meridian compared to horizontal meridian.
There was a rightwards shift in PSEs when the test stimulus was presented at the North and South compared to the West and East (t (4) = 2.89, p < 0.05).
To compute the averaged PSEs (test spatial frequency at which the observer was equally likely to report the Test or the Standard as having higher spatial frequency), we fitted the data for than the latter to attain the point of subjective equality. The effect of location on perceived spatial frequency was highly consistent across observers. Figure 4C shows the individual PSEs in the perceptual task. All but one of the PSEs fall above the unity line indicating that they were higher when the test was located along the vertical than the horizontal meridian.
Spatial frequency discrimination accuracy (proportion correct) also varied as a function of location and spatial frequency. A repeated measure ANOVA marginal main effects of location of the Test stimulus (F (1,4) = 5.97, p < 0.1) and of spatial frequency (F (1,4) = 7.7, p = 0.05), but there was a significant 2-way interaction between these factors (F (1,4) = 8.06, p < 0.05):
Accuracy was significantly higher when the Test appeared along the horizontal meridian and its spatial frequency was higher than that of the Standard (t (4) =3.33, p < 0.05), but not when it was lower (p > 0.1; Figure 5A ). This pattern was consistent for all observers. Figure 5B shows the individual accuracy differences when the test was located along the horizontal and the vertical meridian. All but one of the difference values were higher when the spatial frequency of the Test was higher than the Standard (points fall below the unity line).
Experiment 4 -Perceived spatial frequency in a delayed (VSTM) task
Method Participants
Five observers, 25-30 years old, with normal or corrected-to-normal vision, participated voluntarily in the experiment. All of them were trained psychophysical observers but were naïve with respect to the purpose of the experiment. All of the observers participated in the three previous experiments (except one who did not participate in Experiment 2).
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Apparatus
The apparatus was the same as Experiment 2.
Stimuli
Both Standard and Test stimuli were Gabor patches (same as in previous the three previous experiments). The Test stimulus was presented at 6° eccentricity on a green background (17.5 cd/m 2 ). The Standard stimulus had a spatial frequency of 7 cycles/deg and was located at the center of display. The Test stimulus had one of 5 spatial frequencies (6.6, 6.8, 7, 7.2, 7.4 cycles/deg). The spatial frequency and the location of the Test Gabor were chosen randomly on each trial.
Procedure
Each observer completed 50 practice trials and 480 experimental trials. Each session started with the presentation of the Standard stimulus for 30-s (to ensure that observers could encode and remember its spatial frequency throughout the session) followed by a 500-ms of fixation and continued with the presentation of the Test trials. A trial consisted of a 100-ms Test stimulus at a peripheral location (N, E, W or S; Figure 3B ). Observers were asked to report which Gabor (the Test or the Standard) had a higher spatial frequency by pressing one of the two keys: "1" or "2". They had a maximum of 2 s to respond and they received auditory feedback for incorrect responses. Each session consisted of 4 blocks of 120 trials, each lasting maximum 4 min.
Results
The comparison of the Test spatial frequency to the memorized Standard spatial frequency varied as a function of location. Figure 4D shows the four group-averaged psychometric functions estimated from the data, corresponding to the location of the Test A224RA stimulus (as in Experiment 3). All 20 deviance scores were below the critical chi-square value (X 2 (5) < 11.07), indicating good fits.
PSEs were computed as described in Experiment 3. Figure 4E shows averaged PSEs across all observers for the vertical meridian (North & South) compared to the horizontal meridian (East & West). Results showed that PSEs in the delayed spatial frequency discrimination varied as a function of location. The PSEs were 0.3 cycle/deg higher when the
Test stimulus was presented along the vertical than the horizontal meridian (t (4) = 4.67, p < 0.05). This showed that the Test stimulus was reported to have higher spatial frequency compared to the memorized Standard when it was located along the horizontal compared to the vertical meridian. This difference between PSEs is consistent with the difference found in the spatial frequency discrimination task (Experiment 3). Figure 4F shows that the effect of location on perceived spatial frequency was highly consistent across observers; the individual PSEs in the VSTM task were higher when the test was located along the vertical than the horizontal meridian (points fall above the unity line).
In addition, accuracy (proportion correct) in the delayed spatial frequency discrimination task also varied as a function of location and spatial frequency. A repeated measure ANOVA revealed no significant main effects of location (p = 0.1) or spatial frequency (p > 0.1), but a significant 2-way interaction between these two factors (F (1,4) = 10.64, p < 0.05). Accuracy was significantly higher when the Test appeared along the horizontal meridian and its spatial frequency was higher than that of the memorized Standard (t (4) = 8.60, p < 0.001) but not when it was lower (p > 0.1; Figure 5C ). Figure 5D shows that the effect of location on delayed spatial frequency discrimination was highly consistent across observers; the individual PSEs in the A224RA VSTM task were higher when the test was located along the vertical than the horizontal meridian (points fall above the unity line).
Discussion
The present results show that location affects processing of spatial frequency in discrimination and VSTM tasks. Spatial frequency discrimination is better along the horizontal than the vertical meridian (Experiment 1). VSTM performance follows the same pattern of asymmetry found in the spatial frequency discrimination task (Experiment 2). Correspondingly, perceived spatial frequency differs across the meridians in both the perceptual (Experiment 3) and VSTM (Experiment 4) tasks.
Spatial frequency discrimination in simultaneous and delayed (VSTM) tasks
The present results indicate that performance in a spatial frequency discrimination task varies as a function of location. It is better along the horizontal than the vertical meridian. This finding of a horizontal vertical asymmetry (HVA) for spatial frequency discrimination is consistent with a HVA on contrast sensitivity (Cameron et al., 2002; Rijsdijk et al., 1980) . i We also examined VSTM as a function of location. Performance in a delayed spatial frequency discrimination task was superior along the horizontal than vertical meridian (HVA) and better at the South than the North location (VMA). The analogous pattern of results found for the delayed and the simultaneous spatial frequency tasks, as well as for other perceptual tasks (Cameron et al., 2002; Carrasco et al., 2004; Carrasco et al., 2001; Carrasco et al., 2002) suggests that parameters that affect performance in perceptual tasks also operate on the encoding processing of VSTM. Therefore, we conclude that low-level differences (retinal and cortical inhomogeneities)
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that cause the difference in spatial frequency encoding along the meridians could be responsible for the dissimilarity found in the VSTM tasks performance along the meridians.
Delayed-discrimination studies have revealed that perceptual attributes of a visual stimulus, such as spatial frequency, can be stored for several seconds with little loss of precision (Magnussen, 2000; Magnussen & Greenlee, 1992 , 1999 Magnussen et al., 1991; Magnussen et al., 1996; Magnussen et al., 1998; Vogels & Orban, 1986) . However, the present results show a slight but significant decrease in performance of delayed spatial frequency discrimination.
Increasing the delay from 1s to 3s decreased performance at all locations, but did not alter the inhomogeneities across isoeccentric locations. The slight decrement in performance at all locations is consistent with the hypothesis that the memory representations for discrimination might remain at the encoded value but become noisier with the passage of time. This hypothesis is based on the finding that contrast discrimination thresholds increased with time (Lee & Harris, 1996) .
The inconsistency between our findings and those of previous studies could be due to differences in the methodologies used. For instance, we assessed performance with the method of constant stimuli, whereas previous studies assessed performance with threshold; we introduced stimulus uncertainty by varying the location of the Standard and the Test stimulus in each trial, whereas in previous studies both stimuli were presented only at one location (i.e., without uncertainty) and foveally, where resolution is higher. Indeed, Cornelissen and Greenlee (2000) have concluded that high-precision VSTM is a foveal specialization. They showed that memory performance declines with eccentricity, approximately as a Gaussian function of location, probably due to the lower resolution and sensitivity of eccentric vision or to the limited capacity of visual attention.
Perceived spatial frequency in simultaneous and delayed (VSTM) tasks
Using a high contrast stimulus, we found that perceived spatial frequency was higher along the horizontal than the vertical meridian. PSEs were higher at the North and South than at West and East locations, indicating that observers needed a higher spatial frequency along the vertical than the horizontal meridian to attain the PSE. This finding could be related to the finding that discrimination performance is better for the horizontal than the vertical meridian. In particular accuracy was significantly better for the high-than for the low-frequency Test stimuli along the horizontal meridian; conversely, accuracy was (marginally) better for the low-than for the high-frequency test stimuli along the vertical meridian.
Furthermore, we observed that this HVA became more pronounced when the test stimulus had a higher spatial frequency. These results are consistent with the findings that on orientation discrimination, detection and localization tasks the HVA becomes more pronounced with higher spatial frequency (Carrasco et al., 2001) . Moreover, the magnitude of the HVA in a Landolt-square acuity task, which measures spatial resolution, increases as gap size decreases .
It is known that perceived spatial frequency between fovea and periphery varies: for two low contrast stimuli to attain the PSE, the one presented peripherally needs to be of higher frequency than the stimulus presented foveally (Davis, Yager, & Jones, 1987; Georgeson, 1980; Thibos & Walsh, 1985) . Some authors have suggested that the observed shift is due to lower density of neurons in peripheral retina compared to the fovea. Similarly, the density of ganglion cells is lower along the vertical than the horizontal meridian (Curcio & Allen, 1990; Perry & Cowey, 1985) . In addition, cone density declines faster with increasing distance from the fovea along the vertical than the horizontal meridian (Curcio, Sloan, Kalina, & Hendrickson, 1990) .
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Based on these findings, we propose that the HVA in perceived spatial frequency could be due to a lower density of cones and ganglion cells along the vertical than the horizontal meridian.
An HVA also emerged in the VSTM task, which is location affected perceived spatial frequency. This pattern of results is consistent with that in the corresponding perceptual task. The similar pattern of results for these two conditions is consistent with psychophysical studies showing similar PSEs over time in delayed contrast and contour curvature discrimination tasks (Lee & Harris, 1996; Sakai, 2003) . The present finding provides support for the conclusion that "perception and memory share common representations in the sense that the fidelity with which an image is coded will verify the quality of the information retrieved from memory" (Magnussen and Greenlee's (1999) , p. 90).
Perceived spatial frequency and contrast
Perceived contrast changes as a function of stimulus location (Cannon, 1985; Fuller et al., 2008) . Could the higher perceived spatial frequency in both the simultaneous and delayed spatial frequency discrimination tasks along the horizontal than the vertical meridian be mediated by differences in perceived contrast? We think this was not the case for the following reasons:
First, we used 100% contrast; both spatial frequency and orientation discrimination thresholds are independent of contrast at such high-contrast levels (Caelli, Brettel, Rentschler, & Hilz, 1983; Regan, Bartol, Murray, & Beverley, 1982; Regan & Beverley, 1985; Skottun, Bradley, Sclar, Ohzawa, & Freeman, 1987) . In addition, when perceived contrast was measured by subjective contrast-matching between two high contrast sinusoidal gratings, perceived contrast was constant for a wide range of spatial frequencies (Georgeson & Sullivan, 1975) .
Second, in experiments in which perceived spatial frequency was measured as a function of contrast, as contrast decreased perceived spatial frequency increased (Georgeson, 1985 ; Gobell & Carrasco, 2005) . Moreover, a low contrast, transient stimulus looks finer (higher perceived frequency) than a high contrast, sustained stimulus (Gelb & Wilson, 1983) . Therefore, had there been a shift in perceived spatial frequency due to a change in perceived contrast, it would have been in the opposite direction of the shift we found in Experiments 3 and 4 (see Figure 4A and 4D).
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Conclusion
We set out to investigate: (1) whether performance inhomogeneities emerge in spatial frequency discrimination; (2) whether asymmetries present during encoding of visual information also emerge in visual short-term memory (VSTM) tasks. This study revealed that spatial frequency discrimination and perceived spatial frequency, whether simultaneous or delayed, vary as a function of stimulus location. The HVA indicates that discrimination and perceived spatial frequency are better along the horizontal than the vertical meridian. This asymmetry in performance observed in perceptual discrimination tasks carried over to the delayed discrimination tasks engaging VSTM. These results indicate that factors that alter perceptual performance also affect memory performance. The quality with which a visual stimulus is perceived and encoded at different locations affects the quality with which that stimulus will be processed in VSTM.
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Figure legends i We note that previous studies have shown that the shape of the performance fields is independent of stimulus orientation (Carrasco et al., 2001) . Moreover, had the alignment of the stimuli with the vertical meridian affected our results, the opposite results should have been found. Rovamo et al. (1982) reported that at far peripheral locations, resolution is better for the oriented gratings that have parallel orientation to the meridians and worst for grating bars that have a perpendicular orientation to the meridians. 
